Affordable, efficient and durable catalytic converters for the two and three wheeler industry in developing countries are required to reduce vehicle emissions and to maintain them at a low level; and therefore to participate in a cleaner and healthier environment. The LS-Design TM (Longitudinal Structure) metallic substrates with LS foils have been proved to be capable of improving conversion behavior, even with smaller catalyst size. Specially this developed foil structure, which transforms a laminar exhaust gas flow into a turbulent one, significantly improves exhaust gas mixing behaviour in the catalyst.
Introduction
The International Council on clean Transportation (ICCT) published in 2013 a document with title " Overview of India's Vehicle Emissions Control Program" [1] . This document reports on the projected total NOx emissions in the absence of further emission reduction policy from the year 2010. The contributions of the 2 and 3 wheelers to NOx and PM emissions would grow slowly but constantly, proportionally to the increase of the 2 / 3 wheeler vehicle population. In the same document, recommendations are provided to reduce further emissions by applying more severe emission limit norm BS VI from 2022 and extending the durability requirement from 30,000 km to 50,000 km and as including in use compliance control.
In order to prepare the future affordable, efficient and durable catalytic converters for the two and three wheeler industry, Emitec started a comprehensive testing program with a state of the art BS III motorcycle. The program consists of testing the state of the art of Metallic substrates with structured foils with various catalyst sizes and positions (original or close coupled).
This publication deals with the first experimental results achieved with different metallic substrate foil structures : TSDesign TM (Transversal Structure) structures and LS-Design TM foil structures compared to standard foils. The aim of this preliminary study is to study the influence of the substrate foil structure on the emission reduction performance, keeping constant the basis BS III catalyst solution volume and cell density. Experimental results achieved over the new WMTC driving cycle on roller bench with fresh catalyst are discussed.
Metal Turbulent Structured Catalysts
It is a well known fact that catalyst effectiveness in warmed-up condition is influenced by substrate properties, i.e. by increasing the specific surface (the Geometric Surface Area: GSA) and improving contact between gas and wall, regardless of the type of catalytic reaction which takes place. This is characterized by the mass transfer coefficient β that describes the transport by diffusion of the pollutants from the core flow where their concentration is high to the catalytically active wall where their concentration is low. Flow conditions in Standard catalysts (Std) with straight and smooth channels are laminar after a first and short inlet section of the catalytic channel where the flow is not fully developed. Under laminar flow conditions the catalytic process is determined by a low mass transfer coefficient β, whose value could be five times lower than in the channel inlet section [2] . Beside the improvement of the mass transfer by mean of channel or cell size reduction, i.e. increasing the cell density for a given catalyst section, an innovative solution has been the development of "turbulent" metal substrates, whose foil structures introduced channel flow perturbations and therefore enhanced the mass transfer [2] . Of particular interest for the paper subject are the metal substrates with Transversal foil Structures (TS-Design™) and Longitudinal foil Structures (LS-Design™)
TRANSVERSAL FOIL STRUCTURE (TSDesign™) Substrates
The initial development on TS substrates was carried out in 1994 when EMITEC developed the first generation of turbulent catalysts [3] . The corrugated foils, embossed with secondary micro-corrugations ( Figure 1 ) are arranged transverse to the direction of flow, i.e. at 90 degree to the flow. These counter corrugations in unstructured channels lead to radial flow components which improve the mass transfer of the pollutant from the core of the channel nearer to the channel walls. Hence the conversion efficiency in the catalyst is improved. Figure 1 . TS structure design with flow details TS substrate entered commercial production and is widely used in mass-produced components for automotive applications. More particularly TS substrates are already used on Indian series motorcycles. The benefits of the TS substrate can be summarized as:
• Improve the conversion efficiency for given catalyst dimensions.
•
Reduce the cell density and therefore the back pressure of the system while remaining at the same emission performance as catalysts with standard substrate.
LONGITUDINAL FOIL STRUCTURE (LSDesign™) Substrates
The substrate with longitudinal foil structure, applied in mass production [4] , is characterized by LS-Counter corrugations ( Figure 2 ) built in the corrugated foil during the manufacturing process. The LS-Counter corrugations is formed by pushing a fraction of the corrugated foil into the center of the channel, resulting in a local subdivision of the channel into two parts, aiming to recreate the "inlet length like" turbulent flow conditions, but also to bring the catalytically active wall to the center of the flow where pollutant concentrations are higher. Therefore, and especially at low exhaust pollutant concentrations, the diffusion process is no longer limiting the mass transfer, which improves the total catalytic efficiency. 
Experimental Setup

TEST Vehicle
The test motorcycle is described in Table 1 . 
Test setup
The original exhaust muffler has been modified in order to be able to change catalysts in the exhaust pipe several times and at the same time assure complete tightness of the exhaust system, while preserving its layout. In addition, four temperature sensors: three at pre-catalyst positions 50 mm, 190 mm and 450 mm after engine out (this one is also 20 mm upstream the catalyst) and one at 20 mm post-catalyst position were inserted into the exhaust system ( Figure 3 ). For emission measurements two gas sample extractions are carried out upstream and downstream the catalyst for second by second modal concentration measurements. Unfortunately due to the low exhaust gas quantity emitted by the motorcycle, it is impossible with the available measurement equipment to derive the right modal emission quantity in g/s. Bag emission measurements complete this setup. Test fuel is standard commercial Gasoline 98 ROZ 5 ppm S.
WMTC Driving cycle
Tested Catalyst matrix
All catalysts tested in this work have a diameter of 40 mm and a PGM loading of 14 g/ft³. Other characteristics of the catalysts presented in this paper are listed in Table 2 . All catalysts have been preconditioned during 4 WMTC cycles before emission measurements. 
Vehicle Emission Results
Exhaust gas temperatures
Catalyst efficiency is depending on the exhaust gas temperatures at catalyst inlet. The figure 4 shows the exhaust gas temperatures along the exhaust pipe from the engine out up to the position upstream the catalyst. 
Result with fresh catalysts
Bag results
Emissions were collected with two bags: The first one for the first cold WMTC part one with reduced speed and the second bag for the subsequent warm WMTC part one. Doing so helps to distinguish between the cold start phase and the warm phase. The results for HC, CO, NOx and HC+NOx are shown in Figure 5 
Second by second modal pollutant concentration results
Second by second modal concentrations for HC, CO and NOx and their conversion rates with the three catalysts are shown in Figure 9 , 10 and 11.
Figures 9 and 10 show and confirm for HC and CO emission reduction the benefit of the structured foil substrates, especially the advantage gained with of LS-Design™ structured substrate at cold start and during warm operation. Figure 11 confirms that NOx emission reduction is slightly better with structured substrates but the measurements could not allow to clearly confirm the benefit of the of LS-Design™ structured substrate for NOx reduction in the condition of the test, with an underbody catalyst position. 
Summary/Conclusions
This paper is reporting preliminary results gained within a comprehensive testing program with a state of the art BS III motorcycle, aiming to develop catalyst solutions for BS IV legislation and beyond. Preliminary emissions results gained in series catalyst position (underbody) over the new WMTC driving cycle with structured foil catalysts are showing that LSDesign™ structured substrate performs better than standard substrate and TS-Design™ structured substrate and allows the catalyst to achieve BS IV emission legislation by keeping the same cell density, washcoat, PGM loading and catalyst volume as the BS III basis catalyst solution.
